A marine sponge-derived actinomycete, strain ST01-07 T , was isolated from Xestospongia sp. collected from the Andaman Sea.
The genus Nocardia established by Trevisan [1] belongs to the family Nocardiaceae of the order Corynebacteriales within the class Actinobacteria [2] . This genus contains more than 100 species with validly published names in the List of Prokaryotic Names with Standing in Nomenclature (www.bacterio.net/nocardia.html). Members of the family Nocardiaceae are frequently isolated from materials collected from terrestrial and aquatic habitats ranging from soil, marine organisms and sediments to wastewater systems [3] [4] [5] .
Members of the genus Nocardia were reported from various types of soil including forest soil [4] and saline soil [6] , while some was associated with plants as an endophyte [7] . For marine environments, numerous strains of Nocardia were isolated from marine sediment [8, 9] , red alga (Laurenica spectabilis) [10] , ascidia (Trididemnum orbiculatum) [11] and particularly marine sponges, Hymeniacidon perleve [12] , Craniella australiensis, Halichondria rugosa, Reniochalina sp. and Stelletta tenuis [13] .
However, some species of the genus Nocardia are opportunistic pathogens to humans while some are plant pathogens [14] . Nocardia usually threatens immunocompromised patients by causing a disease called nocardiosis which affects various human organs including lungs, brains and skin. Some species can cause a local infection in immunocompetent individuals and some cause systemic infections of immunocompromised patients [15] . The taxonomy of Nocardia continues to evolve with numerous novel species described [3, 6, 7, [16] [17] [18] [19] .
Nocardia is a Gram-stain-positive, aerobic, weakly acid-fast and non-motile actinobacterium. Reproductive hyphae only observed microscopically are almost always present while substrate hyphae can be fragmented into coccoid to rodshaped elements. Although Nocardia is an acid-fast bacterial genus, it exhibits varying degrees of acid-fastness, depending on the type of strain used and mycolic acid in their cell wall. Colonial appearances differ considerably; may be smooth to granular and irregular to wrinkled. Carotenoidlike pigments confer various shades of orange, pink or yellow to colonies growing on solid media.
The genus Nocardia is a rich source of bioactive secondary metabolites [5] produced by Nocardia spp. such as brasilicardin A, a potent immunosuppressive compound [20] , chrysophanol 8-methyl ether, asphodelin, justicidin B and ayamycin which demonstrated antimicrobial activities against fungi, Gramstain-positive and Gram-stain-negative bacteria [10] and nocardichelins with high cytotoxic activity to human cell lines [21] were reported.
In this study, we describe the isolation and taxonomic characterisation of strain ST01-07 T , which was isolated from a marine sponge Xestospongia sp. collected from the Andaman Sea, and show that the strain represents a novel species of the genus Nocardia.
Strain ST01-07
T was isolated from a marine sponge (Xestospongia sp.) collected from the Andaman Sea, Phuket Province, Thailand. First, a Xestospongia sample was rinsed twice with sterilized seawater and was cut into small pieces. Five sample pieces were dried on sterilized filter paper followed by grinding in a sterilized mortar with 2 ml 0.01 % Tween 80 in sterilized seawater. Next, 1 ml of the suspension was transferred to 9 ml sterilized seawater and was 10-fold serially diluted to 10
À3
. One hundred microlitres of the suspension were spread onto modified starch-casein nitrate seawater agar containing 10 g soluble starch, 1 g sodium caseinate, 0.5 g KH 2 PO 4 , 0.5 g MgSO 4 and 18 g agar in 1 l seawater, pH 8.3, supplemented with 50 mg nalidixic acid l À1 and 200 mg nystatin l
À1
. The isolation plate was incubated at 30 C for 21 days. Actinobacterium isolates were purified on ISP2 seawater medium. Strain ST01-07 T was grown on modified starch-casein nitrate seawater agar for 21 days at 30 C and observed by light microscopy and scanning electron microscopy (model JSM-5410 LV; JEOL). Samples for scanning electron microscopy were prepared as described previously [22] . Acid-alcohol-fastness staining was conducted using the Kinyoun method [23] .
Cultural characteristics were performed using 14-day cultures grown at 30 C on various International Streptomyces Project (ISP) media, i.e. yeast extract-malt extract agar (ISP2), oatmeal agar (ISP3), inorganic salt-starch agar (ISP4), glycerolasparagine agar (ISP5), peptone-yeast extract iron agar (ISP6) and tyrosine agar (ISP7) [24] , including glucose-asparagine agar (ISP5 with 1 % glucose replacing glycerol), Czapek's sucrose agar [25] and nutrient agar (Difco). The colour designation of substrate mycelium and aerial mycelium was determined using the ISCC-NBS Colour Charts standard sample no. 2106 [26] . The decomposition of various compounds and acid production from carbon sources were examined using the basal medium recommended by Gordon et al. [27] . The NaCl tolerance (0-10 %, w/v, at intervals of 1%), pH (4-12, at intervals of 1 unit) and temperature C) for growth were determined on ISP2 seawater medium for 2 weeks. Gelatin liquefaction, peptonization of milk, nitrate reduction and starch hydrolysis were performed through cultivation on various media as described by Arai [28] , and Williams and Cross [29] . The physiological and biochemical results are indicated in detail in the species description and Table 1 . Minimum inhibitory concentration (MIC) test strips (Liofilchem) including amikacin, ceftriaxone, cefotaxime, ciprofloxacin, clarithromycin, imipenem, linezolid and minocycline were used for antimicrobial susceptibility testing. The MICs for the antibiotics mentioned above were determined using the recommended breakpoints for nocardiae [30] .
Chemotaxonomic analyses were conducted using freezedried cells obtained from cultures grown in ISP2 seawater broth on a rotary shaker (200 r.p.m.) at 30 C for 7 days. The isomer of diaminopimelic acid in the peptidoglycan was determined by the method of Staneck and Roberts [31] . The reducing sugars of whole-cell hydrolysates were judged by the cellulose TLC method of Komagata and Suzuki [32] . The membrane phospholipids were determined as described previously [33] . Fatty acid methyl ester analysis was performed by GLC according to the instructions of the Microbial Identification System (MIDI, version 6.0) [34, 35] with the TSBA6 MIDI database. The presence of mycolic acids in cells was investigated by using the method of Minnikin et al. [36] . Menaquinones were extracted by the method of Collins et al. [37] and were analysed by reverse-phase HPLC (Cosmosil 5C 18 column, 4.6Â150 mm; Nacalai Tesque). The solvent system was methanol/2-propanol (2 : 1, v/v) at a flow rate of 0.6 ml min À1 .
Genomic DNA was extracted from cells grown in ISP2 seawater broth according to the method of Tamaoka [38] . The method of Tamaoka and Komagata [39] was used for analysis of G+C content (mol%) of the genomic DNA, with lambda DNA (Invitrogen) used as the standard. DNA-DNA hybridization was carried out using the report of Ezaki et al. [40] . DNA-DNA relatedness (%) was determined by the colourimetric method [41] . PCR-mediated Growth at:
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amplification of the 16S rRNA gene was conducted using the universal primers, 27F (5¢-AGAGTTTGATCMTGGCT-CAG-3¢) and 1492R (5¢-TACGGYTACCTTGTTAC-GACTT-3¢) [42] . The temperature profile for PCR was as follows: initial denaturation at 94 C for 3 min; 35 cycles of 94 C for 30 s, 56 C for 30 s and 72 C for 90 s; and final extension at 72 C for 5 min. The PCR products were sequenced using universal primers as described previously [43] . Amplification and sequencing of the gyrB gene fragment was performed using the method described by Takeda et al. [44] . The 16S rRNA gene and gyrB sequences were aligned with selected sequences obtained from the GenBank/EMBL/DDBJ databases using the CLUSTAL W program version 1.81 [45] . Phylogenetic trees were reconstructed using neighbour-joining [46] with genetic distances computed by Kimura's 2-parameter model, [47] , maximum parsimony [48] and maximum-likelihood [49] methods in the MEGA 6 software package [50] . Bootstrap analysis [51] with 1000 resamplings was used for calculation of confidence values. Sequence similarity values were reported using the EzTaxon-e server (www.ezbiocloud.net; [52] ).
The marine Nocardia strain, ST01-07 T , formed abundant, extensively branched substrate hyphae but the aerial hyphae were not observed on all media tested. Globose bodies and rod-shaped elements (Fig. 1) were observed directly on the substrate mycelium. The strain grew with 0-7 % (w/v) NaCl, at pH 6-12, and at 20-40 C. Nitrate reduction and coagulation of milk were positive, but hydrolysis of starch, gelatin liquefaction and peptonization of milk were negative. The strain produced acid from cellobiose, Dfructose, D-galactose, D-ribose, sucrose and D-sorbose. The colour of colonies was greyish-yellow to dark greyish-yellow on ISP2 seawater agar, light orange yellow on ISP3, ISP4, ISP6 and ISP7, and light orange yellow to moderate orange yellow on Czapek's sucrose and glucose-asparagine agars. Pale orange yellow to light orange yellow colonies were observed on ISP5 and nutrient agar. Yellowish-brown soluble pigment was produced on ISP2 seawater agar (Table S1 , available in the online Supplementary Material). Antimicrobial susceptibility testing showed that strain ST01-07
T was susceptible to amikacin, ciprofloxacin, clarithromycin, imipenem, linezolid and minocycline; intermediate resistance was observed to ceftriaxone and cefotaxime (Table S2) .
Strain ST01-07
T contained meso-diaminopimelic acid in the peptidoglycan of the cell wall. Whole-cell sugars were arabinose, galactose, glucose, mannose and ribose which corresponded to wall chemotype IV [53] . The presence of mycolic acids was observed in cells of strain ST01-07 T (comigration with the extract of Nocardia araoensis NBRC 100135 T , R f value about 0.47). The polar lipids of strain ST01-07
T contained diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, ninhydrin-positive phospholipid, ninhydrin-positive lipid, three glycolipids, an unknown phospholipid and four unknown lipids (Fig. S1 ). (Table S3 ). The DNA G+C content of strain ST01-07 T was 70.2 mol%. These chemotaxonomic characteristics were similar to those of the members of the genus Nocardia.
An almost-complete 16S rRNA gene sequence (1399 nucleotides) was obtained from strain ST01-07
T . The highest 16S rRNA gene sequence similarities were with N. T . This phylogenetic position was confirmed by each of the tree-making algorithms and by a 69 % bootstrap value (Fig. 2) . Analysis of the gyrB sequence showed that strain ST01-07
T formed a distinct cluster to Nocardia pneumoniae JCM 12119 T , Nocardia amamiensis DSM 45066 T and Nocardia asiatica DSM 44668 T in neighbour-joining tree (Fig. S2) . The gyrB sequence similarity values of the novel strain are <90.0 % with all members of the genus Nocardia. This result is discrepant to the result of the 16S rRNA gene sequence analysis. This phenomenon was similarly found in the case of Nocardia shinanonensis [54] . To differentiate the distinction between strain ST01-07 T and its phylogenetic relatives, DNA-DNA hybridization experiments were conducted. Low DNA-DNA relatedness values (13.6 %±0.1 to 40.1 %±0.6) between strain ST01-07
T and the related species of the genus Nocardia were observed (Table S4 ). These values are well below the 70 % cut-off point recommended for the assignment of bacterial strains to the same genomic species [55] .
Analysis of morphological, chemotaxonomic and genotypic characteristics reveal that strain ST01-07 T belongs to the genus Nocardia. The differential characteristics shown in Table 1 indicate that strain ST01-07 T has several different phenotypic properties that allow discrimination from the closest related species of the genus Nocardia , including utilization of cellobiose, D-fructose, D-galactose, sucrose, Dxylose and salicin, gelatin liquefaction, nitrate reduction, starch hydrolysis, absence of growth at pH 5 and 45 C and tolerance of 7 % (w/v) NaCl. Additionally, the cellular fatty acid analysis clearly indicated that strain ST01-07 T contained C 17 : 0 , C 15 : 1 !5c, C 17 : 1 !8c, C 20 : 1 !7c and iso-C 16 : 0 which were not found in other related species. On the basis of phenotypic, chemotaxonomic and genotypic characteristics, strain ST01-07
T is considered to represent a novel species of the genus Nocardia, for which the name Nocardia xestospongiae sp. nov. is proposed.
DESCRIPTION OF NOCARDIA XESTOSPONGIAE SP. NOV.
Nocardia xestospongiae (xes.to.spon¢gi.ae. N.L. gen. n. xestospongiae of Xestospongia referring to Xestospongia, the source of isolation).
Aerobic, Gram-stain-positive, partially acid-fast, non-motile actinomycete that form extensively branched substrate hyphae. The strain forms globose bodies and rod-shaped elements directly on the substrate mycelium. Aerial mycelium is not observed on all media tested. The colour of colonies is greyish-yellow to dark greyish-yellow on ISP2 seawater agar, light orange yellow on ISP3, ISP4, ISP6 and ISP7, pale orange yellow to light orange yellow on ISP5 and nutrient agar, and light orange yellow to moderate orange yellow on Czapek's sucrose and glucose-asparagine agars. Yellowish-brown soluble pigment is produced on ISP2 seawater agar. Grows with 0-7 % (w/v) NaCl (optimum 4 %), at pH 6-12 (optimum pH 
